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TI Olefin polymerization catalysts and their use in 

manufacture of olefin polymers 
IN Hasegawa, Saiki; Maehama, Seiji; Sato, Morihiko 
PA Tosoh Corp . , Japan 
SO Jpn. Kokai Tokkyo Koho, 18 pp. 

CODEN: JKXXAF 
DT Patent 
LA Japanese 
FAN . CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI JP 2001316415 A 20011113 JP 2000-142303 20000510 <-- 

PRAI JP 2000-142303 20000510 
OS MARPAT 135:358360 
GI 



R4 r1 Xl 



AB The catalysts giving high-quality polymers in high productivity, comprise 
(a) transition metal compds . I [Ml = Zr, Hf; XI = H, halo, Cl-20 
hydrocarbyl optionally containing 0, N, or Si, Cl-20 alkoxy, Cl-20 alkylamide; 
Rl = (un) substituted cyclopentadienyl , (un) substituted indenyl; R2 = 




Xl I 



(un) substituted indenyl, (un) substituted fluorenyl; R3 

= C, Si, Ge; R4, R5 = Cl-20 hydrocarbyl optionally containing 0, N, or Si, 
Cl-20 alkoxy, Cl-20 alkylamide , wherein R4 and/or or R5 is C6-20 aryl 
optionally containing 0, N, or Si], (b) modified clay compds . , (c) organic Al 
compds., and (d) Ti compds. Optionally, the catalysts are brought into 
contact with (d) organic Al compds. The polymers are manufactured by 
polymerizing 

R16CH:CHR17 (R16, R17 = H, CI -14 alkyl; R16 and R17 may be bonded to form 
ring) in the presence of the catalysts in a solution, dispersion, or gas 
state at -60° to 300° and 0.5-2000 bar. Thus, 1-hexene and 

ethylene were polymerized in the presence of diphenylmethylene (cyclopentadieny 
1) (9-f luorenyl) zirconium dichloride, dimethylaniline HC1 salt-modified 
Kunipia F (montmorillonite) , triethylaluminum, and 

bis (cyclopentadienyl) titanium dichloride to give a polymer having melt 
flow rate 2.31 g/10 min. 
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IN Hasegawa, Ayaki; Maehama, Seiji; Sato, Morihiko 
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DT Patent 
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AB The catalysts giving high-quality polymers in high productivity, are 
obtained by bringing catalyst components containing (a) transition 
metal compds. I [Ml = Zr, Hf; XI = H, halo, Cl-20 hydrocarbyl optionally 
containing O, N, or Si, Cl-20 alkoxy, Cl-20 alkylamide; Rl = (un) substituted 
cyclopentadienyl, (un) substituted indenyl; R2 = (un) substituted indenyl, 
(un) substituted fluorenyl; R3 = C, Si, Ge; R4 , R5 = 

Cl-20 hydrocarbyl optionally containing O, N, or Si, Cl-20 alkoxy, Cl-20 
alkylamide, wherein R4 and/or or R5 is C6-20 aryl optionally containing O, N, 
or Si], (b) modified clay compds., and (c) organic Al compds. into contact 
with reaction products of (d) particle supports with (e) Ti compds. and 
optionally (f) organic Al compds. The polymers are manufactured by 
polymerizing 

R16CH:CHR17 (R16, R17 = H, Cl-14 alkyl; R16 and R17 may be bonded to form 
ring) in the presence of the catalysts in a solution, dispersion, or gas 
state at -60° to 300° and 0.5-2000 bar. Thus, 1-hexene and 

ethylene were polymerized in the presence of diphenylmethylene (cyclopentadieny 
1) (9-f luorenyl) zirconium dichloride, dimethylaniline HC1 salt-modified 
Kunipia F (montmorillonite) , triethylaluminum, and a product [prepared by 
reacting titanocene dichloride with AgC104 and then Li taeniolite] to give 
a polymer having melt flow rate 2.96 g/10 min. 
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OS MARPAT 135:33735 

AB The invention provides a metallocene catalyst for use in preparing 
syndiotactic/isotactic block polyolefins. The catalyst 

comprises a bridged metallocene in which one of the cyclopentadienyl rings 
is substituted in a substantially different manner from the other ring and 
the cyclopentadienyl rings have lack of bilateral or pseudo-bilateral 
symmetry. The catalyst comprises a metallocene compound generally 
described by the formula R' ' (C5R4) (C4R'4C5C4R'4)MeQp wherein (C5R4) = 
substituted cyclopentadienyl ring; (C4R»mC5C4R'n) = fluorenyl ring or 
substituted fluorenyl ring; each R and R' = H or Cl-20 
hydrocarbyl radical, a halogen, an alkoxy, and alkoxy alkyl or an 
alkylamino radical, each R and R' may be the same or different; (C5R4) has 
a lack of bi-lateral symmetry; R' 1 is a structural bridge between the 
(C5R4) and (C4R 1 4C5C4R 1 4 ) rings to impart stereorigidity and, preferably, 
is a hydrocarbyl biradical having at least one C atom to form the bridge; 
Q is a hydrocarbyl radical, such as an alkyl, aryl, alkenyl, alkylaryl or 
arylalkyl radical having 1-20 carbon atoms or is a halogen; Me is Group 
IIIB, IVB, VB, or VIB metal as positioned in the Periodic Table of 
Elements; and p is the valence of Me minus- 2. This catalyst is 
syndio-/iso-specif ic and produces a syndiotactic/isotactic block polymer. 
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AB A metallocene compound, for use as an olefin polymerization 
catalyst for providing isotactic polymers, has a substituted 
cyclopentadienyl and a (substituted) fluorenyl ligands 

which have been bridged with a hydrocarbon group. A process for producing 
the metallocene compound is intended to selectively produce the specific 
metallocene compound while avoiding the generation of an isomer by 
synthesizing isomer-free intermediates. Polyolefin produced by using a 
catalytic system including the metallocene compound is excellent in impact 
resistance and transparency and has isotacticity >85%. 
RE.CNT 11 THERE ARE 11 CITED REFERENCES AVAILABLE FOR THIS RECORD 
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OS MARPAT 133:177641 

AB A metallocene catalyst for use in preparing polyolefins having a 
monomer length <. C10 has the following general formula: 
R" (CpRlR2R3) (Cp'Rl ' R2 • ) MQ2 where Cp is a substituted or unsubstituted 
cyclopentadienyl ring; Cp' is a substituted fluorenyl 
ring; R" is a bridge imparting stereorigidity; Rl is optionally a 
substituent on the cyclopentadienyl ring which is distal to the bridge, 
comprises a bulky group of the formula XR*3 in which X is from Group IVA, 
and each R* is chosen from H or Cl-20 hydrocarbyl, and R2 is optionally a 
substituent on the cyclopentadienyl ring. This ring is proximal to the 
bridge and positioned non-vicinal to the distal substituent YR#3, in which 
Y is from group IVA, and R# is chosen from H or C 1-7 hydrocarbyl; R3 is 
optionally a substituent on the cyclopentadienyl ring which is proximal to 
the bridge and is a H atom or is ZR$3, in which Z is from group IVA, and 
each R$ is chosen from H or C 1-7 hydrocarbyl. Each Rl ' and R2 ' are 
substituent groups on the fluorenyl ring, one of which is a group AR''^, 
in which A is chosen from Group IVA, and each R 1 1 ' is independently H or C 
1-20 hydrocarbyl and the other is H or a second group of the formula 
AR' ' '3; M is a Group IVB transition metal or vanadium; and each Q is H or 
C 1-2 0 hydrocarbyl. 
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Metallocene-based catalysts for olefin polymerization 
and manufacture of catalysts 
Zhang, Ying; Qu, Bo; Yao, Hui; Wang, Xi 
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AB An olefin polymerization catalyst system is composed of 
metallocene compound BLL 1 MX2 as main catalyst, supported 
aluminoxanes, and an organoaluminum compound [B = SiRR 1 , GeRR', CRR 1 , 
SiRR 1 OSiRR 1 ; M = Ti, Zr, Hf; X = alkyl , halogen; L, L' = (substituted) 
cyclopentadienyl, (substituted) indenyl, (substituted) 
fluorenyl; R, R' = linear lower alkyl] . The mole ratio of Al in 
aluminoxanes to M in BLL ' MX2 is 30-2,000, and that of Al in organoaluminum 
compound to M in BLL ' MX2 is 30-200. The catalyst system is prepared 



by baking the catalyst support at 2 00-800° for 1-24 h in 

N2, treating at 50-200° in vacuum for 1-24 h, adding aluminoxanes 

and solvent, stirring at 30-80° for 1-10 h, washing with solvent, 

drying in vacuum to obtain co-catalyst, adding main 

catalyst and solvent, and allowing to complex at 0-40° for 

0.3-2 h. Polypropylene and ethylene -1-hexene copolymer were prepared by 

using the catalyst system. 
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OS MARPAT 132:64654 

AB A metallocene catalyst R' (CpRm) (Cp'R'n)MQ2 is used in the production 

of linear low d. polyolefin, where Cp is cyclopentadienyl and Cp' is (un) 
substituted fluorenyl; R 1 is a structural bridge 

imparting stereorigidity; R is H or Cl-20-hydrocarbyl in which 0 <> 
m <. 4; R' is Cl-2 0 -hydrocarbyl in which O <, n <> 8; M 

is Group IVB transition metal or vanadium; and Q is CI -20 -hydrocarbyl or 
halogen; the metallocene has a centroid-M-centroid angle 
105°-125° . 
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AB Title polymers with glass transition temperature 2:160° are manufactured 
by polymerization of C2-20 a- olefins and >60 mol% of ^1 
norbornenes I [R1-R8 = H, halo, hydrocarbyl; R5-R8 may form (double 
bond-containing) monocyclic group; R5 and R6, or R7 and R8 may form 
alkylidene] in the presence of catalysts comprising (A) transition metal 
compds. II [M = Ti, Zr, Hf; Rll, R12 = (un) substituted cyclopentadienyl , 
(un) substituted indenyl, (un) substituted fluorenyl; 

R13, R14 = Cl-10 alkyl, C6-10 aryl, C2-10 alkenyl , C7-40 arylalkyl, C7-40 
alkylaryl, C8-40 arylalkenyl; XI, X2 = Cl-20 (halogenated) hydrocarbyl, 
0-, S-, or Si-containing group, H, halo], (B) organoaluminumoxy compds. and/or 
compds. forming ion pairs with A, and optionally (C) organoaluminum 
compds. Thus, ethylene and norbornene were polymerized, in the presence of 
i sop ropy lidene (cyclopentadienyl) (indenyl) zirconium dichloride, Me 
aluminoxane, and triisobutylaluminum to give a copolymer showing intrinsic 
viscosity 0.68 dL/g (at 135°, in decalin) and glass transition 
temperature 174 ° . 
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Al 
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A2* 



Rl 

^R2 



AB Title copolymers comprising C2-10 olefin units and 

2-chloro-l, 3-butadiene units and having weight -average d.p. 10-100,000 are 
manufactured in the presence of transition metals I (Al, A2 = (un) substituted 
cyclopentadienyl , (un) substituted (benzo) indenyl , (un) substituted 
fluorenyl, A3 , A4 = H, Cl-10 alkyl, C6-20 aryl, alkylaryl, 

arylalkyl, haloaryl, etc., Q = C2-10 hydrocarbon, Si-, Ge-, or Sn-containing 
Cl-10 hydrocarbon, etc.; Rl, R2 = halo, H, Cl-10 alkyl, alkylaryl, 
arylalkyl, etc.; M = Zr, Ti, Hf) and catalyst promoters. Thus, 
10.5 mL chloroprene and 5 kg/cm2 ethylene was polymerized at 40° in the 
presence of diphenylmethylene (cyclopentadienyl) (fluorenyl) zirconium 
dichloride and MMAO 3 A (methylalumoxane) to give a polymer showing 
we ight - average 

d.p. 1530, glass transition temperature -58°, and good solvent 
resistance . 
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The polymers, having (a) viscosity-average mol . weight (Mv) ^1,000,000 and 
(b) Mw/Mn ^3, are manufactured by (co) polymerization of ethylene and 
optionally, ^C3 a- olefins using catalysts containing 

mainly metallocene compds . of R1XYM1R42 [Rl = X and Y linking aryl -containing 
hydrocarbon group , silanediyl, germanediyl; X = cyclopentadienyl; Y = 
(un) substituted fluorenyl C4H4-mR2mC5C4H4 -nR3n; R2 , R3 

= Cl-20 hydrocarbyl, amino, O-containing hydrocarbyl, halo; Ml = Ti, Zr, Hf; 
R4 = H, Cl-2 0 hydrocarbyl, amino, O-containing hydrocarbyl, halo; m = 0-4] . 
Thus, polymerization of ethylene in the presence of (iso-Bu)3Al and 
dipenhylmethylene (cyclopentadienyl) (2 -dimethylaminof luorenyl) zirconium 
dichloride (supported by dime thy lani line hydrochloride-treated 
montmorillonite) gave a polymer showing Mv 17.5 x 105, Mw/Mn 2.5, average 
particle size 210 um, and bulk d. 0.35 g/cm3 . 
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AB An olefin polymerization catalyst (supported or unsupported) 

comprises (A-l) a Group IVB transition metal compound formed by the reaction 
of transition metal compound with a substituted indenyl -substituted 
fluorenyl bridging compound, and (B) (B-l) an organoaluminum 
oxy-compound, and/or (B-2) a compound which reacts with the transition metal 
compound (A-l) to form an ion pair, wherein, inter alia, £1 Rl is 
aryl, arylalkyl, arylalkenyl or alkylaryl or 2 Rls from a ring. Thus, 
C2H4 and 1-octene were polymerized in the presence of Me aluminoxane 0.4, 
triisobutyl aluminum 1.0, and dimethylsilylene (2 -methyl-4 , 5-benzo-l- 
indenyl) (2 , 7-di-tert-butyl-9-f luorenyl) zirconium dichloride 0.002 mmol to 
give a copolymer having melt flow rate 0.21 g/10 min. and d. 0.898 g/cm3 . 
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AB The metallocenes Ar2C(Cp-9-f lu)MQ2 .RXR 1 .NM'Q2/n [Ar = aryl group; Cp = 
(substituted) cyclopentadienyl group; Flu = (substituted) 
fluorenyl group; M = Group IVB metal; M 1 = alkali or alkaline earth 
metal; R, R' = alkyl; Q = halogen, alkyl, alkoxy, aromatic group, 
heterocyclic group; X = O or S] are stable and useful as catalysts in the 
syndiosp. polymerization of olefins. Adding 30.7 mmol etherial PhLi to 
30.7 mmol fluorene in THF and then adding 30.7 mmol diphenylf ulvene gave 
51% ligand Ph2C (Cp-9-f lu) , reaction of which (5.0 mmol) with 10 mmol BuLi 
in Et20-hexane at room temperature followed by addition of ZrCl4 gave 3.1 g 



Ph2C(Cp-9-flu) ZrC12 .Et20.2LiCl (I). Polymerization of C3H6 in PhMe containing 

50 mg 

I and 2 g Me aluminoxane at 1 atm for 3 h gave 5.2 g polypropylene with 





syndiotacticity 


>80%, m.p. 


107°, weight -average mol . weight 220,000, and 




polydispersity 2 
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AB 


The catalyst comprises a metallocene compound generally described 



by the formula R2 (C5R4) (C4R14C5R14 ) MeQp wherein (C5R4) is a substituted 
cyclopentadienyl ring; (C4RlmC5C4Rln) is a fluorenyl ring or 
substituted fluorenyl ring; each R and Rl is hydrogen or 
hydrocarbyl radical having from 1-20 carbon atoms, a halogen, an alkoxy, 
and an alkoxy alkyl or an alkylamino radical, each R and Rl may be the 
same or different; (C5R4) has a lack of bilateral symmetry; R2 is a 
structural bridge between the (C5R4) and (C4R14C5C4R14) rings to impart 
stereorigidity and, preferably, is a hydrocarbyl biradical having at least 
one carbon atom to form the bridge; Q is a hydrocarbyl radical, such as an 
alkyl, aryl, alkenyl, alkylaryl or arylalkyl radical having 1-20 carbon 
atoms or is a halogen; Me is a Group IIIB, IVB, VB, or VIB metal as 
positioned in the Periodic Table of Elements; and p is the valence of Me 
minus 2. This catalyst is syndio-/iso-specif ic and produces a 
syndiotactic/isotactic block polymer. 
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AB Th compds. consist of I [Al = (substituted) cyclopentadienyl , 

(substituted) indenyl, (substituted) saturated or partially saturated indenyl, 

( 

substituted) fluorenyl, (substituted) saturated or partially 
saturated fluorenyl; A2 = alkylsilyl -substituted mono- or di- 
substituted fluorenyl; A3-4 = Cl-10 alkyl, C6-20 aryl, 

alkylaryl, aralkyl, halogenated aryl, alkoxyaryl, hydrocarbyl containing 

heteroatom (such as 0, N, S, Si, etc.), H; Q = C atom connecting Al and 

A2, C2-10 hydrocarbyl, hydrocarbyl containing Si, Ge, or Sn; A3 and A4 may be 

connected and A3, A4, and Q may form a ring; Rl-2 = halo, H, Cl-10 alkyl, 

C6-20 aryl, alkylaryl, arylalkyl; M = Ti, Zr, Hf ] , and olefins 

are polymerized in the presence of I and catalyst aids. Propylene 

was polymerized in the presence of diphenylmethylene (cyclopentadienyl) [2,7- 

bis (trimethylsilyl) fluorenyl] zirconium dichloride and Me aluminoxane to 

give syndiotactic polypropylene. 
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AB 


An 


extremely active 


catalyst in the 


(co) polymerization of 


ethylene and 





other a- olefins contains CplCp2M (NR1R2) (NR3R4) [I, Cpl, 
Cp2 = (Cl-4-alkyl-substituted) cyclopentadienyl, (Cl-4-alkyl-substituted) 
indenyl, or (Cl-4 -alkyl-substituted) fluorenyl, Cpl 

optionally linked to Cp2 by C atom or alkylsilanic bridge, M = Group IVB 
metal, Rl, R2, R3, R4 = CI -8 alkyl, C5-8 cycloalkyl, or Ph] and an 
aluminoxane co-catalyst. Thus, 14.43 bar ethylene was polymerized 1 
h at 70° in 1900 mL hexane in the presence of 0.5 bar H, 0.00752 g 
I (Cpl = Cp2 = cyclopentadienyl, Rl = R2 = R3 = R4 = Et, M = Zr) , and 40 



mL 10% PhMe-oligomeric Me aluminoxane solution to give polymer at 34.4 kg/g 
catalyst . 
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AB An active catalyst in the polymerization of alpha-olef ins is 

obtained by bringing a dialkylmagnesium or an alkyl magnesium halide into 
contact with a silicon or tin halide in solution in an inert organic solvent 
until a granular solid ppts . off, suspending this solid precipitate in an inert 
organic solvent, and bringing this precipitate into contact with CpCplMRRl 

[Cp, Cpl 

o (CI -4 -alkyl -substituted) cyclopentadienyl, (CI -4 -alkyl -substituted) 
indenyl, or (Cl-4-alkyl-substituted) fluorenyl, (Cp 

may be linked to Cpl), R, Rl = halo, Cl-10 alkyl, or aryl, M = Group IVB 

element] for £0.5 h at Mg-M atomic ratio 1: (1-10,000) and 

0-100°. Thus, ethylene was polymerized in hexane in the presence of 

oligomeric Me aluminoxane, H, and butyloctylmagnesium-SiCl4 -supported 

bis (cyclopentadienyl) zirconium dichloride to give polymer at 0.85 kg/g 

catalyst. 
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AB Olefins are polymerized without using aluminoxane in the presence of 

catalysts comprising (A) transition metal compds . I [Al = tetrasubstituted 
cyclopentadienyl; A2 = (substituted) fluorenyl; A3-A4 

= H, Cl-10 alkyl, C6-20 (alkyl) aryl, arylalkyl, haloaryl, hydrocarbyl 
containing heteroatoms; Q = Cl-10 = hydrocarbyl connecting Al with A2, 
hydrocarbyl containing Si, Ge, Sn, where A3, A4, and Q may form cyclic 
structure by connecting A3 and A4 ; Rl, R2 = halogen, H, Cl-10 alkyl, C6-20 
(alkyl)aryl, arylalkyl; M = Ti, Zr, Hf ] , (B) organic Al compds., and (C) 
compds. stabilizing transition metal cations. Thus, 0.75 dm3 propylene 
was polymerized in the presence of dimethylsilylene (tetramethylcyclopentadieny 
1) (9-f luorenyl) zirconium dichloride 3.0, AlEt3, and 
triphenylcarbeniumtetrakis (pentaf luorophenyl) borate 6 mg at 40° 
for 1 h to obtain polypropylene with isotactic triad ratio 0.15, 
syndiotactic triad ratio 0.38, intrinsic viscosity 1.89 dL/g (Tetralin, 
135°), and polydispersity 2.5, and catalyst activity 352 
kg-polymer/g-Zr-h . 
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Me 




AB Transition metal complexes [I; Al = tetrasubstituted cyclopentadienyl; A2 
- (substituted) fluorenyl; A3 , A4 = H, Cl-10 alkyl, 

C6-20. aryl, aralkyl, alkylaryl, haloaryl, hydrocarbyl containing 0, N, S, or 
Si hetero atom; 0 = Cl-10 hydrocarbyl linking Al, A2, or hydrocarbyl s i lyl , 
-germyl, -stannyl; A3A40 may form a ring, etc.; Rl, R2 = H, halo, Cl-10 
alkyl, C6-20 aryl, alkylaryl, aralkyl; M = Ti, Zr, Hf ], useful as 
cocatalysts for manufacture polyolefins, are prepared A solution of fluorenyl 

Na in 

THF was treated with tetramethylcyclopentadienyldimethylchlorosilane at 

room temperature to give f luorenylsilane derivative II, which was dissolved in 

THF, 

treated with BuLi, THF was distilled, and the solid was rinsed with pentane 
to give II.2Li salt, which was dissolved in CH2C12 at -78° and the 
solution was treated with ZrCl4 to room temperature to give Zr complex III. 
Polymerization of 0.75L propylene over 1.0 g methylaluminoxane (d.p. = 17.7) 
catalyst and 3 . 0 mg III as cocatalyst gave 8.0 g polyprppylene . 
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